132   -Xm. DETERMINATION OP THERMODYNAMICAL MAGNITUDES.
If we assume as our known data, the (_p, v, T) equation of a gas, and take any two of these variables as coordinates of a point in a plane, the present equation determines a curve in that plane which may be called the curve of inversion. This curve separates those states in which the cooling effect is positive from those in which it is negative. If we take v and T as our independent variables, the curve of inversion is obviously the locus of the points of contact of tangents drawn from the origin to the family of curves p = constant.
Secondly if the curve of inversion be determined experimentally the data may be utilised in determining the (jp, v, T} equation of the gas.
Thirdly if the (p, v, f) equation of the gas referred to any arbitrary scale of temperature and its curve of inversion are known, we have sufficient data for comparing the assumed scale of temperature with the absolute scale. This method would really constitute a "null method" of determining absolute temperature since it depends on the vanishing of the cooling effect and not on determinations of its amount.
133. Determination of Entropy, Energy and Thermodynamical Potentials. The scale of absolute temperature having now been fixed, it follows that temperatures may be measured on any thermometer and reduced to absolute measure. It now remains to show how the entropy, energy, and thermodynamic potentials of a substance (which we take to be a simple system such as a gas or liquid) can be expressed in terms of quantities which can be experimentally determined.
Substituting from (123, 124) the values of lp and lv in .the differentials of the entropy and energy we obtain on integration from state to state (ply v1}
With v and T as variables
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With j>, T as variables
Now the changes of entropy and energy depend only on the initial and final states, hence we may perform the integration along any path representing a continuous series of transformations from the initial to the final states. Thus
(1) Taking v and T as variables we may integrate keeping v = VQ from T = TQ to T =» 2\ and then integrate keeping T = 2\ from v == t?0 to v = v±. We thus obtain